One of the most pervasive problems affecting people throughout the world is inadequate access to clean water and sanitation. Problems with water are expected to grow worse in the coming decades, with water scarcity occurring globally. Many recent studies have been reported on the photodegradation of the organic compounds in industrial wastewater in the presence of TiO2 semiconductor as photocatalyst. Heterogeneous photocatalysts using iron as a dopant metal, so far, have been reported for various environmental applications. This paper highlights the recent advances and applications of Fe-TiO2 photocatalysis for the degradation/photodegradation of various pollutants, alkanolamines and other organic pollutants like phenols and dyes.
Introduction
One of the most pervasive problems affecting people throughout the world is inadequate access to clean water and sanitation. Problems with water are expected to grow worse in the coming decades, with water scarcity occurring globally, even in regions currently considered water-rich [1] . Many recent studies have been reported on the photodegradation of the organic compounds present in industrial wastewater using TiO2 semiconductor as photocatalyst [2] [3] [4] . TiO2 is the most commonly used photocatalyst and believed to be an ideal photocatalyst because of the ability to completely mineralize the target pollutants. Furthermore, TiO2 is cheap, abundant, photostable in solution, very efficient and nontoxic in nature. However, it has some disadvantages: one of this is a relatively high value of the bandgap, around 3.2 eV, which limits its using to the UV light, high dispersion in the water which causes difficulties in sedimentation, and sensitivity to the recombination of photoinduced electrons and holes, which decreases its photocatalytic activity. Doping TiO2 with metals, It is the method of metal ion insertion into the TiO2 semiconductor by chemical doping through the different preparation methods and photocatalysis using visible light. The metal may be introduced through different ways [5] . 1) Doping, i.e. molecular combination of metal oxide in the lattice of TiO2. This process is expected to modify the band gap of the photocatalyst. 2) Metallisation, i.e. deposition of noble metal on TiO2 crystallites. 3) Impregnation of TiO2 with a salt of metal followed by evaporation, i.e. deposition of small amount of salt on TiO2 surface. 4) Addition of low concentrations of transition metal to the solution of substrate to be treated.
Photocatalytic degradation of organic pollutants using Fe doped TiO2
: Many studied have been reported using iron-doped titania photocatalysts for different environmental applications specially for the wastewater treatment, synthesized through different preparation methods. Fe 3+ is considered an interesting dopant of titania and it is believed that Fe 3+ cations can act as shallow traps in the titania lattice although discrepancies appear with respect to their role in enhancing electron/hole recombination properties [6] and [7] . A comparison of the various findings reported in the literature is a difficult task because of different experimental conditions including photocatalyst preparation/ synthesis method, type of dopants used, dopant concentration and calcination temperature of the photocatalyst. Furthermore, the experimental conditions under which the photodegradation experiments were carried out, for example; type of irradiation source, reaction temperature, photocatalyst loading, pollutant concentration and pH of the reaction medium. A comparison among the results reported in literature for iron doped photocatalysts used for wastewater treatment for the degradation of various organic pollutants is presented in this review paper. Factors affecting the photodegradation of organic pollutants using Fe doped TiO2: The main challenges in the heterogeneous catalysis is to achieve the proper physico-chemical properties, maximum dispersion of the active species onto the photocatalysts support. From the previous work it has been concluded that the main factors that determine the photocatalytic activity of the photocatalysts are the physico-chemical properties and the dispersion of the doped species onto the support [8] . Some of the factors regarding the photocatalytic degradation of the organic pollutant using iron doped TiO2, discussed in this review are: an appropriate methodology of preparation, effect of metal ion dopant concentration and the optimal photocatalysts loading. Effect of photocatalysts preparation method. The photocatalytic and photoelectrochemical properties of TiO2 and doped TiO2 photocatalysts are directly associated with the synthesis technique because it can affect various characterizations of the nanomaterials [8] . Different preparation methods may result in different defect structures and surface morphologies, affecting the photocatalytic activity. Table 1 represent the Fe/TiO2 photocatalyst synthesized via different preparation methods and their application for photocatalytic degradation of different organic compounds present in industrial wastewaters. Most of these metal doped TiO2's reported in the literature are prepared by co-precipitation and incipient wet impregnation method. In the impregnation method, substitution of metal ions in the bulk TiO2 crystallites is not likely to occur, and at best, substitution may take place on the surfaces [10, 16] . In the co-precipitation method, post-heat processing of mixed metal hydroxides yields metal doped TiO2 [17] . Hydrothermal method has been applied to synthesize nanosized materials due to the advantage that the products prepared by this method have well crystalline phase, which benefits to thermal stability of the nanosized materials. 
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Effect of dopant concentration. The relative efficiency of a metal ion dopant depends on whether it serves as a mediator of interfacial charge transfer or as a recombination center, which is related to the preparation method, the dopant concentration, the energy level of the dopant within the TiO2 lattice, its d electronic configuration, the distribution of the dopant within the particles [18] . According to Di Poala et al. [11] dopants can affect negatively the photoreactivity of TiO2, changing the number of active sites, the type or surface groups, and the acid−base properties. Dopants contents on photocatalytic activity of photocatalysts have been investigated [6, [9] [10] [11] [12] 19] . The role of the dopant ion is primarily to improve the charge separation of the photoproduced electron-hole pairs via a permanent electric field. The summary of the results for the influence of the dopant concentration on photocatalytic activity of iron doped TiO2 photocatalysts is given in Table 2 . Figure 1 shows the comparison of UV-vis spectra of undoped and iron-doped titania catalysts. Active yellow XRG 0.03-0.15 % 0.09% [12] Active Yellow XRG 0.05-0.5 0.15 [13] Malachite Green 0.3-0.7 - [14] Nitrite and nitrate ions 0.11-1.76 1.48 [15] Fig. 1 . UV-vis absorption spectrum spectrum of undoped and iron-doped titania catalysts [1] Effect of photocatalyst loading. For the photocatalytic degradation of organic substances, the optimal photocatalysts loading is very important. From the previous studies it is generally believed that an increase in catalyst concentration increases the number of active sites on the photocatalyst surface, which in turn increase the number of hydroxyl and superoxide radicals. But further increases in the catalyst concentration no longer increases the number of active sites produced by light illumination and, instead, results in agglomeration of catalyst particles and interception of the light by the suspension; hence, part of the catalyst surface becomes unavailable for photon absorption, and the degradation rate decreases. The optimal value of catalyst concentration is also associated with the nature of the pollution and intensity of light [8, 20] . The summary of the finding for the effect of photocatalyst amount required on photocatalytic activity of iron doped TiO2 photocatalysts is given in Table 3 . 
Conclusions
Based on the studies reported, this review focuses on the role of various operating parameters on the photocatalytic degradation of various dyes and phenols, and reports the main advances. TiO2 has been suggested to be efficient for the degradation and mineralization of various toxic organic pollutants, e.g., phenols and dyes in water in the presence of UV and visible light. The role of the dopant ion is primarily to improve the charge separation of the photo-produced electron-hole pairs via a permanent electric field. The findings also suggest that various operating parameters such as type of photocatalyst, different photocatalyst preparation methods, light source, pollutant types, initial concentration of pollutants, dopant concentration and photocatalyst loading. An increase in dopant ion content favors electron-hole separation and in turn enhances the photoactivity. For an optimum dopant value maximum photoactivity can be achieved but beyond a certain level, the photoactivity might be reduced due to the space charge layer becomes thicker, and the probability of carrier recombination is increased. There is an optimal value for the dopant concentration and photocatalyst loading at which the photoactivity reaches a maximum. Although this review is not exhaustive in the scope of photocatalytic degradation of organic pollutants using Fe/TiO2 photocatalysts; however, it addresses the fundamental principles and recent applications in this area.
